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Epithelial cells and adhesion molecules 
In recent years it has become increasingly clear 
that asthma is a complex inflammatory disorder of 
the airways involving the interaction of a number of 
different cell types and it is likely that several different 
mechanisms are implicated. One such mechanism 
which is the focus of much current attention is the 
attraction of inflammatory cells to the site of inflam- 
mation and their retention. The understanding of the 
mechanisms by which these cells communicate has 
become a fascinating arena of ever increasing global 
research interest and is believed to involve adhesion 
molecules. 
There are four main families of adhesion mol- 
ecules: the immunoglobulin superfamily, the inte- 
grins, the selectins and the cadherins. These 
molecules play an important role in the transmigra- 
tion of leucocytes through the endothelial wall which 
is an essential precursor to the accumulation of cells 
at the site of inflammation. The initial stage involves 
the selectins which promote the rolling of leucocytes 
along the endothelial wall and later phases, including 
sticking and diapedesis, are controlled by the inte- 
grins and members of the immunoglobulin super- 
family. However, adhesion molecules also play an 
important role in the retention of leucocytes at the 
site of inflammation. 
Over the last few years there has been increasing 
interest in the role played by epithelial cells in inflam- 
matory diseases. It is now clear that bronchial epithe- 
lial cells which were once thought to be merely a 
barrier preventing the entry of noxious substances 
into the lung, are now recognized as playing an active 
role in the inflammatory reaction. These cells are 
capable of the synthesis and release of a range of 
mediators including cicosanoids (1) and cytokines 
(2), have been shown to express cell surface markers 
and are capable of interacting in the cellular network. 
There is a mounting body of evidence to suggest that 
bronchial epithelial cells are capable of playing an 
important role in asthma by the attraction and 
retention of inflammatory cells into the airways by 
means of adhesion molecules. 
The first demonstration that primate bronchial 
epithelial cells are capable of expressing adhesion 
molecules was given by Wegner and colleagues in 
1990 (3), when they demonstrated that these cells 
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expressed ICAM- following exposure to allergen. In 
the same study, they showed that anti-ICAM- anti- 
bodies were blocking the eosinophil inilux following 
allergen challenge but they did not investigate at 
which levels this inhibition occurred. Since then a 
number of studies has been performed to investigate 
the expression of these molecules in normal subjects 
and in those suffering from asthma or other pulmo- 
nary diseases; some interesting differences in the 
results have been observed. In a study, using bron- 
chial biopsies, performed by Montefort and col- 
leagues, (4) whilst low levels of ICAM- were 
detected on the bronchial epithelium of all asthmatic 
and 70% of normal subjects, no difference could be 
detected between the basal levels of this molecule in 
the two groups. However, this study does not accord 
with Tonne1 et al. who, using tissue obtained in the 
same manner, showed an increased expression of 
ICAM- on the epithelium of asthmatics by compari- 
son with normal subjects (5). Using epithelial cells 
recovered by bronchial brushing, we found not only a 
significant difference in the basal levels of expression 
between normals and asthmatics but also a correla- 
tion between the expression of this molecule or 
HLA-DR and the severity of the disease as assessed 
by the score of Aas (6). The reasons for these 
differences are unclear, but it is unlikely that the 
different methodologies used (bronchial biopsies in 
the Southampton study and bronchial brushing in 
our laboratory) account for the different results 
obtained. Indeed, earlier work in our laboratory 
using bronchial biopsies, mechanically dispersed, 
demonstrated a difference in surface molecule expres- 
sion between normal and asthmatic subjects (7). The 
discrepancy may be due, at least in part, to differ- 
ences in the subjects selected. The asthmatic group 
studied by Montefort et al. had a mean FEV, of 
104% of the predicted value whilst the group studied 
in our laboratory had a mean FEV, of 86% of the 
predicted value. Vignola et al. found that the level of 
expression of ICAM- is correlated with the severity 
of the disease, it is possible that the severity of disease 
in the asthmatic group studied by Montefort et al. 
was not sufficient for a difference to be detected. 
These discrepancies underline the need for standard- 
ization of patient groups in order to allow direct 
comparisons to be made between different research 
centres. 
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The mechanisms leading to the increased expres- 
sion of ICAM-I on epithelial cells are not fully 
understood but it is clear that a number of cytokines 
including interferon-y, TNFa and IL-l (8-10) are 
capable of upregulating this expression. It is also 
possible that inflammatory cells infiltrating the air- 
ways may be capable of influencing the expression of 
these adhesion molecules. It has been demonstrated 
that there is an infiltration of eosinophils into the 
bronchial mucosa in asthmatics and that these cells 
are activated (11). Moreover, addition of eosinophil- 
derived proteins such as major basic protein and 
eosinophil cationic protein to human nasal epithelial 
cells significantly augment the expression of ICAM-I 
(10). Another cell- type which is found between the 
epithelial cells, particularly in asthma, is the mast 
cell. These cells appear to be partly degranulated and 
it has been shown that receptors for histamine are 
present on bronchial epithelial cells (12). In recent 
experiments we have demonstrated that addition of 
histamine to bronchial epithelial cells of normal 
subject results in an increase in the expression of 
ICAM- as well as the class II human leucocyte 
antigen HLA-DR (13). It therefore appears that 
adhesion molecules represent the end point of a 
number of pathways and it is evident that many 
different stimuli are capable of upregulating their 
expression. This may explain why no distinction can 
be made between extrinsic and intrinsic asthma or 
between patients with mild as compared with a severe 
form of the disease. 
The precise role of the expression of ICAM-I in 
asthma still remains to be elucidated. Whilst it is 
likely that increased expression of this marker is 
involved in the cellular infiltration characteristic of 
this disease, particularly by eosinophils, it is also 
possible that ICAM- may be important in viral 
infections. It has been demonstrated that ICAM- is 
the major surface receptor virus for rhinovirus (14) 
and it has been suggested that a viral infection is 
involved in approximately half of childhood asth- 
matic attacks (15,16). It is possible that a positive 
feedback network is involved in the binding of 
viruses to epithelial cells since it has shown that 
Haemophilus injuenzae endotoxin (17) and Para- 
inlluenza virus type 2 (18) are capable of increasing 
the expression of ICAM-I on human airways epithe- 
lial cells. The increased expression of adhesion mol- 
ecules on epithelial cells may also play an important 
role in the retention of inflammatory cells in the 
airways. Our studies have demonstrated that 
ICAM-I is expressed mainly on the apical portion of 
the ciliated epithelial cell which may serve to retain 
cells in the airway lumen and Altman et al. (10) have 
observed that the increased expression of ICAM-I on 
nasal epithelial cells was associated with an increased 
adhesion of neutrophils. Thus, adhesion molecules 
would be of importance not only in the extravasation 
of inflammatory cells at the endothelial level, but 
also may participate in the persistence of these cells at 
the inflammatory site as a result of interactions 
between inflammatory cells and extracellular matrix 
or epithelial cells. 
If expression of ICAM-I is taken as being indica- 
tive of inflammation in asthma, then anti-adhesion 
therapy may well find a place in the treatment of 
asthma as has been suggested by Barnes (19) and it 
has been shown that anti-ICAM- antibodies block 
the adherence of neutrophils to human airway epi- 
thelial cells (20). Some studies on the effects of 
various drugs including corticosteroids (21) have 
shown that ICAM-I expression on epithelial cells can 
be down-regulated and anti-histamines such as pyril- 
amine and ranitidine (13) as well as loratadine and 
nedocromil sodium (unpublished data) inhibit the 
histamine-induced expression of ICAM-I on bron- 
chial epithelial cells but further work on the relevance 
of these studies in asthma is required. 
In conclusion, it appears likely that adhesion mol- 
ecules play an important role in asthma and may 
represent one way in which the epithelium interacts 
with other cell types present in the lung to enhance 
inflammatory processes. The future of anti-adhesion 
therapy for the control of this disease may well prove 
to be an interesting and fruitful area of research 
leading to new therapeutic strategies. 
A. M. CAMPBELL, A. M. VIGNOLA 
AND P. GODARD 
INSERM CSF.92.10 and CHR 
Hdpital Arnaud de Villeneuve 
Montpellier, France 
References 
1. Campbell AM, Vignola AM, Chanez P et al. Functional 
characteristics of bronchial epithelium obtained by 
brushing from asthmatics and normal subjects. Am Rev 
Respir Dis 1993; 147: 518-523. 
2. Devalia JL, Campbell AM, Sapsford RJ et al. Effect of 
nitrogen dioxide on synthesis of inflammatory cytokines 
expressed by human bronchial cells in vitro. Am J Respir 
Cell Mol Biol 1993; 9: 271-278. 
3. Wegner CD, Gundel RH, Reilly P, Letts LG, Rothlein 
R. Intercellular adhesion molecule-l (ICAM-1) in the 
pathogenesis of asthma. Science 1990; 247: 456459. 
4. Montefort S, Roche WR, Howard PH et al. Inter- 
cellular adhesion molecule-l (ICAM-1) and endothelial 
leukocyte adhesion molecule-l (ELAM-1) expression in 
the bronchial mucosa of normal and asthmatic subjects. 
Eur Respir J 1992; 5: 815-823. 
Editorial 331 
5. Gosset P, Tillie-Leblond I, Janin P et al. Expression of 
ELAM-1, ICAM-I and VCAM-1 on bronchial biopsies 
from allergic asthmatic subjects (abstract). Am Rev 
Respir Dis 1993; 147: A519. 
6. Vignola AM, Campbell AM, Chanez P et al. HLA-DR 
and ICAM- exnression on bronchial enithelial cells in 
asthma and chronic bronchitis. Am kev Respir Dis 
1993; 148: 689694. 
7. Vachier I, Godard P, Michel FB, Descomps B, Damon 
M. Expression aberrante des antigenes HLA-DR du 
CMH classe II dans les cellules epitheliales bronchiques 
de l’asthmatique. CR Acad Sci III. 1990; 331: 341-346. 
8. Wellicome SM, Thornhill MH, Pitzalis C et al. A 
monoclonal antibody that detects a novel antigen on 
endothelial cells that is induced by tumor necrosis 
factor, IL-l, or lipopolysaccharide. J Immunol 1990; 
144: 2558-2565. 
9. Colgan SP, Parkos CA, Delp C, Arnaout MA, Madara 
L. Neutrophil migration across cultured intestinal epi- 
thelial monolayers is modulated by epithelial exposure 
to IFN-gamma in a highly polarized fashion. J Cell Biol 
1993; 120: 785-798. 
10. Altman LC, Ayars GH, Baker C, Luchtel DL. 
Cytokines and eosinophil-derived cationic proteins up- 
regulate intercellular adhesion molecule-l on human 
nasal epithelial cells. J Allergy Clin Immunol 1993; 92: 
5277536. 
11. Bousquet J, Chanez P, Lacoste JY. Eosinophilic inflam- 
mation in asthma. N Engl J Med 1990; 323: 1033-1040. 
12. Noah TI, Paradiso AM, Madden MC, McKinnon KP, 
Devlin RB. The response of a human bronchial epi- 
thelial cell line to histamine: intracellular calcium 
changes and extracellular release of inflammatory 
mediators. Am J Respir Cell Mel Biol 1991; 5: 484-492. 
13. Vignola AM, Campbell AM, Chanez P et al. Activation 
by histamine of bronchial epithelial cells from non- 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21 
asthmatic subjects. Am J Respir Cell Mol Biol 1993; 9: 
411417. 
Martin S, Casasnovas JM, Staunton DE, Springer TA. 
Efficient neutralization and disruption of rhinovirus by 
chimeric ICAM-Uimmunoglobulin molecules. J Viral 
1993; 67: 3561-3568. 
Patternore PK, Johnston SL,, Bardin PG. Viruses as 
precipitants of asthma symptoms. I. Epidemology. Clin 
Exp Allergy 1992; 22: 3255336. 
Cypcar D, Stark J, Lemanskie RF Jr. The impact of 
respiratory infections on asthma. Pediatr Clin North 
Am 1992; 39: 1259-1276. 
Tarraf HN, Kahir 0, Devalia JL, Sapsford RJ, Davies 
RJ. Effect of Haemophilus in&enzae endotoxin on 
ICAM- expression by human bronchial epithelial cell 
monolayers in vitro (abstract). Am Rev Respir Dis 1993; 
147: A45. 
Tosi MF, Stark JM, Hamedani A, Smith CW, Gruenert 
DC, Huabg YT. Intercellular adhesion molecule-l 
(ICAM-1)-dependent and ICAM-l-independent adhe- 
sive interactions between polymorphonuclear leuko- 
cytes and human airway epithelial cells infected with 
parainfluenza virus type 2. J Immunol 1992; 149: 
3345-9. 
Barnes PJ. New drugs for asthma. Eur Respir J 1992; 5: 
1126-1136. 
Tosi MF, Stark JM, Smith CW, Hamedani A, Gruenert 
DC, Infeld MD. Induction of ICAM- expression on 
human airway epithelial cells by inflammatory cyto- 
kines: effects on neutrophil-enithelial cell adhesion. Am 
J Respir Cell Mel Biol.^ 1992,7: 214221. 
Van de Stolpe A, Caldenhoven E, Raaijmakers JA, Van 
der Saag PT, Koenderman L. Glucocorticoid-mediated 
repression of intercellular adhesion molecule-l expres- 
sion in human monocytic and bronchial epithelial cell 
lines. Am J Respir Cell Mel Biol 1993; 8: 340-347. 
